Seven novel, cold-adapted, strictly aerobic, facultatively oligotrophic strains, isolated from Antarctic sea water, were investigated by using a polyphasic taxonomic approach. The isolates were Gram-negative, chemoheterotrophic, motile, rod-shaped cells that were psychrotolerant and moderately halophilic. Buds were produced on mother and daughter cells and on prosthecae. Prostheca formation was peritrichous and prosthecae could be branched. Phylogenetic analysis based on 16S rRNA gene sequences indicated that these strains belong to the c-Proteobacteria and are related to the genus Alteromonas, with 98?3 % sequence similarity to Alteromonas macleodii and 98?0 % to Alteromonas marina, their nearest phylogenetic neighbours. Whole-cell fatty acid profiles of the isolates were very similar and included C 16 : 0 , C 16 : 1 v7c, C 17 : 1 v8c and C 18 : 1 v8c as the major fatty acid components. These results support the affiliation of these isolates to the genus Alteromonas. DNA-DNA hybridization results and differences in phenotypic characteristics show that the strains represent a novel species with a DNA G+C content of 43-45 mol%. The name Alteromonas stellipolaris sp. nov. is proposed for this novel species; the type strain is ANT 69a T (=LMG 21861
The genus Alteromonas belongs to the c-Proteobacteria and was created by Baumann et al. (1972) for marine, Gramnegative, heterotrophic bacteria that are motile by a single, polar flagellum. On the basis of 16S rDNA sequence analysis, the genus was revised in 1995 to contain a single species, Alteromonas macleodii, and the remaining species were reclassified as Pseudoalteromonas (Gauthier et al., 1995) . In 1993, the yellow-grey-pigmented species 'Alteromonas rava', which is able to produce a novel antibiotic, was described (Kodama et al., 1993) , but the species name has not yet been validly published. A mesophilic, heterotrophic bacterium, isolated from sea water that was collected near a deep-sea hydrothermal vent, was identified as A. macleodii, but it was classified as a novel subspecies, 'A. macleodii subsp. fijiensis', on the basis of a relatively low DNA-DNA hybridization level (<90 %, but >70 %), metabolic differences between the type strain and the novel strain, the ability of the novel bacterium to produce a unique exopolysaccharide and the isolation source (Raguénès et al., 1996) . The subspecies name 'A. macleodii subsp. fijiensis ' has not yet been validly published. Raguénès et al. (1997) proposed a novel Alteromonas species, 'Alteromonas infernus', for a polysaccharide-producing bacterium that was isolated from the surface of the vestimentiferan worm Riftia pachyptila, which inhabits sites near hydrothermal vents. The name of this novel species, however, has also not been validly published. Romanenko et al. (1994) described a novel species, Alteromonas fuliginea, but phylogenetic analysis based on 16S rDNA sequence data revealed that this species is related more closely to Pseudoalteromonas haloplanktis and it was therefore reclassified as a member of the genus Pseudoalteromonas (Yoon et al., 2003) . Recently, the name of a novel species that was isolated from the East Sea in Korea (Yoon et al., 2003) , Alteromonas marina, has been validly published. Currently, there are only two species with validly published names within the genus Alteromonas, namely A. macleodii (the type species) and A. marina.
The species described here, Alteromonas stellipolaris sp. nov., is a novel, budding, prosthecate bacterium from the c-Proteobacteria. Strains of marine, prosthecate, budding bacteria that belong to the genus Hyphomonas, a taxon of the a-Proteobacteria, have been described (Weiner et al., 2000) , but this is the first report of a budding, prosthecate bacterium from the c-Proteobacteria. It is now evident that budding, prosthecate bacteria are abundant in marine and polar environments (Labrenz et al., 1998 (Labrenz et al., , 1999 Weiner et al., 2000) . Moreover, bud and prosthecate formations are a common strategy for rod-shaped bacteria to enhance their surface : volume ratio, thus enabling the organisms to attain efficient substrate uptakes in oligotrophic habitats (van Gemerden & Kuenen, 1984) .
During expeditions in the Arctic (Tan & Rüger, 1991) and Antarctic (Tan & Rüger, 1999) seas, facultatively oligotrophic and psychrotolerant bacteria were isolated. These 173 strains have previously been analysed by substrateutilization patterns using the Biolog system (Tan, 1997; Tan & Rüger, 1999) and by fatty acid and 16S rDNA sequence analyses of representatives (Mergaert et al., 2001) . They belong to six metabolic groups and eight different fatty acid analysis (FAA) clusters, each containing between two and 59 strains. In the meantime, 56 additional strains were isolated by using the same methods, analysed by using the Biolog system and their fatty acids were determined. These additional strains belong to clusters B, C, D, E and F [as delineated by Mergaert et al. (2001) ] and three new clusters (I, J and K) (S. Van Trappen, unpublished results). The genomic diversity of 19 strains from clusters E and F and two related, unclustered strains was investigated further and, by using a polyphasic taxonomic approach, seven Antarctic strains could be assigned to a novel species within the genus Alteromonas, for which the name Alteromonas stellipolaris sp. nov. is proposed.
Antarctic strains were isolated from sea water after an enrichment technique in dialysis chambers as described previously (Tan, 1986 (Tan, , 1997 Tan & Rüger, 1999 The 19 strains of FAA clusters E and F and two related, unclustered strains were arranged in similarity groups, based on the results of rep-PCR fingerprinting using the GTG 5 primer (Versalovic et al., 1991; Rademaker & de Bruijn, 1997; Rademaker et al., 2000) . Numerical analysis was carried out by using the Bionumerics software package, as described by these authors. One cluster of seven Antarctic strains (LMG 21861 T , LMG 21856, LMG 21859, LMG 21860, LMG 21862, LMG 21863 and LMG 21864 ) that belonged to FAA cluster E and had almost-identical rep-PCR profiles could be delineated (data available in the Supplementary Figure in IJSEM Online). 16S rRNA gene sequence analysis revealed that these strains belong to the genus Alteromonas within the c-Proteobacteria.
The almost-complete 16S rRNA gene sequence (1482 nt) of strain LMG 21861 T was determined as described previously (Mergaert et al., 2001) . Partial 16S rRNA gene sequences (735-766 nt) of strains LMG 21856, LMG 21859, LMG 21860, LMG 21862, LMG 21863 and LMG 21864 were determined by Qiagen, Hilden, Germany, using the forward primer 8F (59-AGAGTTTGATCCTGGCTCAG-39) and the reverse primer 1492R (59-TACGGYTACCTTG-TTACGACTT-39). The most closely related sequences were found by using the FASTA program. Sequences of reference strains were aligned and editing of the alignment and reformatting were performed with the programs BIOEDIT (Hall, 1999) and FORCON (Raes & Van de Peer, 1999) . Evolutionary distances were calculated by using the evolutionary model of Jukes & Cantor (1969) and a phylogenetic tree ( Fig. 1 ) was constructed by using the neighbour-joining method with the program TREECON (Van de Peer & De Wachter, 1994) . Dendrograms obtained by maximum-parsimony and maximum-likelihood analyses showed essentially the same topography (data not shown).
The 16S rRNA gene sequence of strain LMG 21861 T showed 98?3 % similarity to that of A. macleodii, 98?0 % to that of A. marina and 97?9 % to that of 'A. infernus'; the partial sequences of the other Antarctic strains (LMG 21856, LMG 21859, LMG 21860, LMG 21862, LMG 21863 and LMG 21864) were almost identical to each other and to that of strain LMG 21861 T (99?5-99?8 %) . The phylogenetic tree in Fig. 1 shows the distinct branch within the genus Alteromonas that is formed by the novel Antarctic isolates, which is supported by high bootstrap values.
Genomic relatedness between strains LMG 21861 T and LMG 21863 and the most closely related strains, A. macleodii LMG 2843
T and A. marina LMG 22057 T , was determined by DNA-DNA hybridization. DNA was prepared according to the method of Pitcher et al. (1989) and DNA-DNA hybridizations were carried out with photobiotin-labelled probes in microplate wells as described by Ezaki et al. (1989) T and LMG 21863 was high, namely 93?9 %, indicating that these strains represent a single species. Indeed, Versalovic et al. (1994) have shown that strains with the same rep-PCR profile are always closely related and this has been confirmed by several authors (e.g. Rademaker & de Bruijn, 1997) . Differences between reciprocal experiments were <12 %. From these hybridization results, it can be concluded that the seven Antarctic isolates are genotypically distinct from A. macleodii and A. marina, their phylogenetically nearest neighbours, and thus constitute a novel species within the genus Alteromonas (Wayne et al., 1987) .
The DNA G+C content of the Antarctic strains was determined by using an HPLC-based method. DNA was degraded enzymically into nucleosides as described by Mesbah et al. (1989) . The obtained nucleoside mixture was then separated by HPLC using a Waters SymmetryShield C8 column that was thermostatted at 37 uC. The solvent was 0?02 M NH 4 H 2 PO 4 , pH 4?0, with 1?5 % acetonitrile. Nonmethylated l-phage DNA (Sigma) was used as the calibration reference. The DNA G+C contents of strains LMG 21861 T , LMG 21856, LMG 21859, LMG 21860, LMG 21862, LMG 21863 and LMG 21864 were 43?3, 44?0, 44?8, 44?7, 44?7, 43?3 and 44?7 mol%, respectively . These values are consistent with the DNA G+C contents of other members of the genus Alteromonas, which range between 44 and 46 mol% (Baumann et al., 1972; Yoon et al., 2003) .
Cellular fatty acid patterns of the Antarctic strains are based on the data generated by Mergaert et al. (2001) or were determined as described by these authors. The strains showed very similar fatty acid profiles, of which the major constituents included C 16 : 0 (12?6±1?3 % of total fatty acids), C 17 : 1 v8c (9?4±2?3 %), C 18 : 1 v7c (18?0±2?1 %) and summed feature 3 (27?3±3?0 %), which comprises iso-C 15 : 0 2-OH and/or C 16 : 1 v7c. Hydroxylated fatty acids and alcohol derivatives of the fatty acids C 16 : 0 and C 16 : 1 v7c were also present as minor components or at trace levels. The fatty acid profiles of the Antarctic strains clearly resembled those determined for other marine genera of the c-Proteobacteria, e.g. Alteromonas, Pseudoalteromonas and Glaciecola (Ivanova et al., 2000; Mikhailov et al., 2002) .
The polar strains are Gram-negative, rod-shaped, small cells (0?462?0-7?0 mm in length) that possess a single, polar flagellum (Fig. 2) . Prosthecae are formed peritrichously and can be branched. Buds can be produced on mother and daughter cells, but also at the end of the prosthecae when grown on peptone/yeast extract/glucose agar [PYG, according to Tan & Rüger (1999) ] at 12 u C for 7 days (Figs 2 and 3) . Strain LMG 21856 releases a brown, diffusible pigment into the medium. This property is shared by several reclassified Alteromonas species (Gauthier & Breittmayer, 1992) and this brown-black pigment on solid media is often characterized as melanin, a high-molecular-mass, amorphous polymer of indole quinone. The first biosynthesis step involves the hydroxylation of L-tyrosine to form L-3,4-dihydroxyphenylalanine (L-DOPA), which is used in the treatment of Parkinson's disease. Attempts have therefore been made to adapt melanin-producing micro-organisms for the commercial production of L-DOPA. Growth of the strains at different temperatures (5-40 u C) was tested on marine agar 2216 (Difco), whereas salt tolerance was tested on R2A agar (Oxoid) supplemented with 1-20 % NaCl at 20 uC. The effect of pH on growth rate was determined at pH 5?0-10?0 (at intervals of 0?5 pH units) by using tubes that contained 10 ml 2216E liquid medium and were incubated at 20 uC after inoculation. Turbidity was measured by spectrophotometry at 590 nm (Vitalab 10; Vital Scientific). Biochemical characteristics were determined by using standard protocols (Reichenbach & Dworkin, 1981; West & Colwell, 1984; Smibert & Krieg, 1994; Bowman et al., 1998; Van Trappen et al., 2003) and API kits (API 20E, API 20NE, API ZYM and API32 ID; bioMérieux). Bacterial suspensions were made in sterile, chilled artificial sea water (Instant Ocean synthetic sea salt; Aquarium Systems) and marine agar 2216 (Difco) was used as the basal medium. For Biolog GN2 microplates, cells were grown on PYG agar at 20 uC for 5 days; cells were then harvested and suspended in 'inoculating fluid'. The salinity of the inoculating fluid was adjusted to 26 % with NaCl. The microplates were incubated at 20 uC and substrate utilizations were measured after 3, 5, 7, 14, 21 and 28 days at 590 nm with an eightcanal photometer (Spectra 2; SLT Labinstruments). Methyl pyruvate, L-asparagine, L-aspartic acid and glycyl-L-aspartic acid were utilized by the seven strains if the microplates were incubated at 12 u C [see cluster 3 of Tan & Rüger (1999) ].
For most characteristics, all strains were identical (see species description) and had properties that are typical for species of the genera Alteromonas and Pseudoalteromonas of the c-Proteobacteria (Baumann et al., 1972) .
The Antarctic strains can be differentiated from their nearest phylogenetic neighbours, A. macleodii and A. marina, by several phenotypic characteristics (see Supplementary  Table B in IJSEM Online). On the basis of this polyphasic taxonomic study, the Antarctic strains can be assigned to a novel species, for which the name Alteromonas stellipolaris sp. nov. is proposed. Our results also require emendation of the genus Alteromonas with regard to cell morphology. Baumann et al. 1972 (Approved Lists 1980 emend. Gauthier et al. 1995 The description is as given by Gauthier et al. (1995) with the following additional morphological features. When grown on marine or PYG agar at low temperatures (12-20 u C) for 3 or more days, cells of A. macleodii LMG 2843 T , A. marina LMG 22057 T and A. stellipolaris LMG 21861 T , LMG 21856, LMG 21859, LMG 21860 and LMG 21863 produce buds and prosthecae (see Figs 2, 3 and 4). Cells of A. macleodii and A. marina form only short, straight prosthecae; branching is not observed (Fig. 4) .
Emended description of the genus Alteromonas

Description of Alteromonas stellipolaris sp. nov.
Alteromonas stellipolaris [stel.li.po.la9ris. L. fem. n. stella star; L. adj. polaris polar; N.L. gen. n. stellipolaris referring to the Polarstern (AWI, Bremerhaven), the name of the vessel that was used to collect the samples from which the organisms were isolated].
Cells are Gram-negative, short rods (0?462?0-7?0 mm) with a single, polar flagellum. Prosthecae are produced peritrichously and can be branched. Buds can be formed on mother and daughter cells and also at the end of the prostheca. Forms creamy-white, circular, flat to low convex, shiny, opaque and slimy colonies that are slightly adherent to agar, with entire margins and a diameter of 2-5 mm on marine agar plates after 3 days incubation at 20 uC. Growth occurs on marine agar and PYG agar; slight growth is observed on nutrient agar, but no growth is seen on trypticase soy agar or R2A agar. Strain LMG 21856 releases a brown, diffusible pigment into the medium. Temperature ) formations not only on the cell surface, but also at the end of the prostheca (P). Colonies used for analysis were grown on PYG agar at 12 6C for 7 days. Thin-section preparations were stained with lead citrate and 1 % uranyl acetate. Bars, 300 nm. range for growth is 5-37 u C; no growth occurs at 40 u C or higher. Growth is supported on R2A agar that contains 1-10 % NaCl. Moderately halophilic and psychrotolerant. 
L-proline, L-serine, L-threonine, inosine, uridine and glycerol. No metabolic activity is observed on adonitol, L-arabinose, D-arabitol, N-acetylglucosamine, N-acetylgalactosamine, isoerythritol, L-fucose, meso-inositol, L-rhamnose, D-sorbitol, xylitol, methyl pyruvate, monomethyl succinate, cis-aconitic acid, citric acid, formic acid, D-galactonic acid lactone, D-glucosaminic acid, D-glucuronic acid, a-hydroxybutyric acid, c-hydroxybutyric acid, p-hydroxyphenylacetic acid, itaconic acid, a-ketoglutaric acid, a-ketovaleric acid, DL-lactic acid, malonic acid, quinic acid, D-saccharic acid, sebacic acid, bromosuccinic acid, succinamic acid, glucuronamide, D-alanine, L-asparagine, L-aspartic acid, glycyl L-aspartic acid, L-histidine, hydroxy-L-proline, Lornithine, L-phenylalanine, L-pyroglutamic acid, D-serine, DL-carnitine, c-aminobutyric acid, urocanic acid, thymidine, phenylethylamine, putrescine, 2-aminoethanol, 2,3-butanediol, DL-a-glycerolphosphate, glucose 1-phosphate or glucose 6-phosphate. Acids are produced from amygdalin in a clear positive reaction, whereas an intermediate positive reaction is detected for mannitol, sucrose and melibiose for all strains. No acids are produced from glucose, inositol, sorbitol, rhamnose or arabinose. Degradation of alginate and chitin is negative. No arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, tryptophan deaminase, cystine arylamidase, a-chymotrypsin, b-glucuronidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase or a-fucosidase activities are observed. For all strains, low activity (score 1) or no activity is obtained for lipase (C14), medium activity (score 2 or 3) is obtained for esterase (C4), esterase lipase (C8), valine arylamidase, trypsin and a-galactosidase, and high activity (score 4 or 5) is obtained for alkaline phosphatase, leucine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, bgalactosidase and a-glucosidase. Cells contain the fatty acids C 16 : 0 , C 16 : 1 v7c, C 17 : 1 v8c and C 18 : 1 v8c as the main constituents. DNA G+C content of the strains is 43-45 mol%.
The type strain is LMG 21861 T (=ANT 69a T =DSM 15691 T ).
